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(57) Abstract: A fuel system and method for supplying fuel to an internal combustion engine. The fuel system includes a fuel tank, 
an intake manifold, a fuel vapor collection canister, a purge valve, and a fuel vapor pressure management apparatus (20). The fuel 
vapor pressure management apparatus includes a housing (30), a pressure operable device (40), and a switch (70). The housing is 
coupled to the fuel vapor collection canister and defines an interior chamber (3 1). The pressure operable device separates the interior 
chamber into a first portion connected to canister, and a second portion connected to a vent port (38). The pressure operable device 
includes a poppet (52) and a seal (50) engaging the poppet. A first arrangement of the pressure operable device occurs when there 
is a first negative pressure level in the canister relative to the vent port, and the seal is in a first deformed configuration. A second 
arrangement permits a first fluid flow from the vent port to the canister when the seal is in a second deformed configuration. And a 
third arrangement permits a second fluid flow from the canister to the vent port when the seal is in an undeformed configuration. 
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Cross Reference to Related Applications 

,„»0,1 This application Cairns the benefit of .he earner filing date of U.S. Provis.ona. 

Application No. 60/298,255, filed 14 June 2001, U.S. Provisional ApplicaBon No. 

60/3 10 750 filed 8 August 2001 , and the U.S. Provisional Application identified as Attorney 

Docket No 051481-5093-PR, filed 30 May 2002, all of which are incorporated by reference 

herein in their entirety. 

Field of the Invention 

■00021 A fuel system that includes a fuel vapor pressure management apparatus and 
m e,hod tha, manages pressure and detec* leaks in a fuel system, fn particular, a volatile fuel 
system including a fuel vapor pressure management apparatus and method fha, uses naturally 
forming vacuum to perform a leak diagnostic for a headspace in a fee. tank, a canister that 
ooUects volatile fuel vapors from the headspace, a purge valve, and the associated ptpes, 
conduits, hoses, and connections. 

Background of the Invention 

,0003] Conventional fuel systems for vehicles with internal combustion engtnes can 
iocmde a canister tha, accumulates fuel vapor from a headspace of a me, tank If there ,s a 
,eak in rhe fuel tank, the canister, or any other component of the fuel system, fuel vapor could 
escape through the leak and be released into the atmosphere instead of being accumulated ,n 
the cenister. Various government regufatory agencies, e g., me California Air Resources 
Board have promulgated standards relate* to limiting fuel vapor releases into the atmosphere 
Thus it is believed that rhere is a ne«f to avoid releasing fuel vapors into the atmosphere, and 
,„ provide an apparatus and a method for performing a leak diagnostic, so as to comply writ 
these standards. 

[0 004] In such conventional fuel systems, excess fuel vapor can accumulate immediately 
after engine shutdown, thereby creating a positive pressure in the fuel vapor pressure 
management system. Excess negative pressure in closed fuel systems can occur under some 
operating and atmospheric conditions, thereby causing stress on components of these fuel 
systems Thus, it is believed that there is a need to vent, or "blow-off," the positive pressure, 
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and to vent, or "relieve," the excess negative pressure. Similarly, it is also believed to be 
desirable to relieve excess positive pressure that can occur during tank refueling. Thus, it is 
believed that there is a need to allow air, but not fuel vapor, to exit the tank at high flow rates 
during tank refueling. This is commonly referred to as onboard refueling vapor recovery 
(ORVR). 

Summary of the Invention 

[0005] The present invention provides a fuel system for supplying fuel to an internal 
combustion engine. The fuel system includes a fuel tank that has a headspace, an intake 
manifold of the internal combustion engine, a fuel vapor collection canister, a purge valve, and 
a fuel vapor pressure management apparatus. The fuel tank includes a headspace that is in 
fluid communication with the intake manifold, the fuel vapor collection canister, the purge 
valve, and the fuel vapor pressure management apparatus. The purge valve has a first side that 
is in fluid communication with the intake manifold and has a second side that is in fluid 
communication with fuel vapor collection canister and with the headspace. The fuel vapor 
pressure management apparatus includes a housing, a pressure operable device, and a switch. 
The housing is coupled to the fuel vapor collection canister and defines an interior chamber. 
The pressure operable device separates the interior chamber into a first portion that is in fluid 
communication with the fuel vapor collection canister, and a second portion that is in fluid 
communication with atmosphere via a filter. The pressure operable device includes a poppet 
that is movable along an axis, and a seal that is adapted to cooperatively engage the poppet. A 
first arrangement of the pressure operable device occurs when there is a first negative pressure 
level in the fuel vapor collection canister relative to the atmosphere, and the seal is in a first 
deformed configuration. A second arrangement of the pressure operable device permits a first 
fluid flow from the atmosphere, through a filter, to the fuel vapor collection canister when the 
seal is in a second deformed configuration. And a third arrangement of the pressure operable 
device permits a second fluid flow from the fuel vapor collection canister to the atmosphere, 
via a filter, when the seal is in an undeformed configuration. The switch signals the first 
arrangement of the pressure operable device. 

[0006] The present invention also provides a fuel system for supplying fuel to an internal 
combustion engine. The fuel system includes a fuel tank that has a headspace, an intake 
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of .he interna, common engine, a M vapor collection caniaer • W^" 4 
n, vapor pressure management apparatus. The fire, ran* includes a headspace ha, ,s 
atueivapo F collection canister, the purge 

fluid conununication with rhe .make mantfold, ,he fire, vapor 
va,ve and the fuel vapor pressure management apparatus. The purge valve 
rinuuidcommumeauon with the intalcemamfo.d and has a second s,de thatts tn fl td 

riumoau „ - ^ — -"T^l, 
^sure management apparatus includes a housing that defines an tntenor c^ 
operable device tha, occupies a firs, space in *. in.erior chamber, and a swuch .ha. oceoptes 
Lnd space in .he imerior chamber The housing and the imerior chamber occupy a 
liL-«0-*— « Thepressureoperabledeviceperformsalea,. 
C-osdc based on a negative pressure a, a firs, pressure level, relieves negauve pressure 

The switch signals the negative pressure a. <he firs, pressure level. 

^ X present invention also provides a method of using naturally footing vacuum 
t0 evaluate a fuel system supping fuel .o an interna! combustion engine The method 
inclu des providing a fire, tank including a headspace, coupling in fluid comntuntcatton the 

canjer a purge vafve, and a fue, vapor pressure management apparatus, and de.ec.tng ,1* 
rrmthltnlra^forms in the headspace. The ,e, vapor management apparants tnetudes 
a housing defining an interior chamber, excludes a diaphragm partitioning the tntenor 
chamber, and excludes an electromechanical actuator. 

,,008) The present invention also provides a method of managing pressure ,n a fuel 

tanx inofuding a headspace, counting ,o the headspace an imafre mamfo d of the tn,«™, 
combustion engine, a fue, vapor co,.ec,ion canister, a purge vafve, and a fit., vapor p-« 
m anagemen, apparauts, and relieving excess pressure , ha, fortns in «he headspace The fa ef 
vapor management apparent* includes a housing defining an interior chamber, excludes a 
diaphragm partitioning the interior chamber, and exofudes an efectromechamC acntafo 
|00 »9, The present invention afso provides a method of managing pressure ,n a fuel 
system supp,ying fire, ,0 an interna, combustion engine The method ino,udes provtdtng a fue, 
^ioo.udLgaLdspace.conneoting.othe headspace an iM axe ma^fold of dte mtema, 
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nuwi 1 1*>7 

combustion engine, a foe. vapor Election canister, a purge va.ve, and a fuel vapor pressure 
Iden. apparatus, derecting .he vacuum .Ha. narura!,, fomts in ,he headspace, and 
TeL excess pressure .ha, fonns in .he headspace. The foe, vapor managemen, apparatus 

chamber, and excludes an electromechanical acwator. 

[0M 0, The present invention also provides a method of managing pressure m a foe, 
Lem supping foe, ,o an interna, combustion engine. The method inCudes provrdmg a fire. 
raTLuZa headspace, ^ m fluid —Uon the he^ »^r 
ejection canister, connecting in fluid communication the me, ^ 
M vapor pressure management apparatus, esubhshing a fluid flow path extending be,ween 
the headspace in flte me, tanx to atmosphere, reUeving excess negative pressure w«h flutd 
flow in a first direction along the fluid flow path; and re.ieving excess positive pressure w«h 
fluid flow in a second direction a.ong the fluid flow path The flte. vapor pressure 
m anagemen, apparatus performs leax detection on the headspace, performs -ess negative 
pressure rehef on the headspace, and performs excess positive pressure rehef on the 
headspace The foe, vapor management apparafos indudes a housing definmg an tmenor 
cbamber and a pressure „perab,e device. The housing indudes firs, and second port ^ 
c ommunica,e whh the interior chamber. The pressure operab.e dev.ce separates «he .manor 
cbamber into a firs, portion that is in fluid communication wi,h the firs, port, and , ,«-d 
poni o„ tha, is in fluid communication wUh ,he second port. The esubhshmg ,he flmd flow 
P a«h includes passing .hrough the foe. vapor ejection canister, passmg through the fir, port, 
passing through ,he interior chamber, and passing through the second port The second 
direction is opposite to the firs, direction. 

[00111 The present invention a.so provides a method of using nantra.lv fornung ; vacuum 
t0 de.ee, leaks in a foe, sys,em supp.ying foe. ,o an interna, combusuon engme The method 
indudes couphng in fluid communication a headspace of ,he foe, sysfom to a fit. vapor 
pressure managemen, apparafo, couphng in Cectrica. communication to the foe. vapor 
pressure management system an e.ee«rica. con.ro, unit, supp.ying Cectnca. cunen, ,o the foe. 
vapor pressure managemen, sys,em and ,0 the eiectiica. con.ro, uni,, and performing a ,eak 

detecrion tes, on *e headspace And ,he .eak de,ection ,es, draws no more than 

milliamperes of the electrical current. 
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lOOUl The present invention also provides a melhod of using naturally forming vacuum 
,o de.ec. leaks in a fuel system supplying fuel lo an inlernal combustion engine. The melhod 
includes coupling in fluid communication a headspace of .he fuel system fo a fuel vapor 
pressure management apparalus, and performing vAh .he fuel vapor pressure managemen. 
appara.es a leak de.ec.ion test on .he headspace. The leak de.ec.ion .es, occurs dunng a 
period of up to 90 minutes. 

,0013] The present invention also provides a method of using naturally forming vacuum 
to detect leaks in a fuel system supplying fuel to an interna, combustion engine. The method 
includes coupling in fluid communication a headspace of the fuel syslem lo a fuel vapor 
pressure managemen. apparatus, and performing wilh the fuel vapor pressure managemen. 
apparatus a leak detection test on .he headspace. The leak detection les. occurs dunng a 
period of at least 20 minutes. 
Brief Description of the Drawings 

[0014] The accompanying drawings, which are incorporated herein and constitute part of 
this specification, illustrate presently preferred embodiments of the invention, and, together 
with the general description given above and the detailed description given below, serve to 
explain features of the invention. 

[0015] Figure 1 is a schematic illustration of a fuel system, in accordance with the detailed 
description of the preferred embodiment, which includes a fuel vapor pressure management 
apparatus. 

[0016] Figure 2A is a first cross sectional view of the fuel vapor pressure management 
apparatus illustrated in Figure 1. 

[0017] Figure 2B are detail views of a seal for the fuel vapor pressure management 
apparatus shown in Figure 2 A. 

[0018] Figure 2C is a second cross sectional view of the fuel vapor pressure management 
apparatus illustrated in Figure 1 

[0019] Figure 3A is a schematic illustration of a leak detection arrangement of the fuel 
vapor pressure management apparatus illustrated in Figure 1. 

[0020] Figure 3B is a schematic illustration of a vacuum relief arrangement of the fuel 
vapor pressure management apparatus illustrated in Figure 1. 
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[0021] Figure 3C is a schematic illustration of a pressure blow-off arrangement of the fuel 

vapor pressure management apparatus illustrated in Figure 1. 

[0022] Figure 4 is a graph illustrating the time period required to detect leaks. 

Detailed Description of the Preferred Embodiment 

[0023] As it is used in this description, "atmosphere" generally refers to the gaseous 
envelope surrounding the Earth, and "atmospheric" generally refers to a characteristic of this 
envelope. 

[0024] As it is used in this description, "pressure" is measured relative to the ambient 
atmospheric pressure. Thus, positive pressure refers to pressure greater than the ambient 
atmospheric pressure and negative pressure, or "vacuum," refers to pressure less than the 
ambient atmospheric pressure. 

[0025] Also, as it is used in this description, "headspace" refers to the variable volume 
within an enclosure, e.g. a fuel tank, that is above the surface of the liquid, e.g., fuel, in the 
enclosure. In the case of a fuel tank for volatile fuels, e.g., gasoline, vapors from the volatile 
fuel may be present in the headspace of the fuel tank. 

[0026] Referring to Figure 1, a fuel system 10, e.g., for an engine (not shown), includes a 
fuel tank 12, a vacuum source 14 such as an intake manifold of the engine, a purge valve 16, a 
fuel vapor collection canister 18 (e.g., a charcoal canister), and a fuel vapor pressure 
management apparatus 20. 

[0027] The fuel vapor pressure management apparatus 20 performs a plurality of 
functions including signaling 22 that a first predetermined pressure (vacuum) level exists, 
"vacuum relief or relieving negative pressure 24 at a value below the first predetermined 
pressure level, and "pressure blow-off" or relieving positive pressure 26 above a second 
pressure level. 

[0028] Other functions are also possible. For example, the fuel vapor pressure 
management apparatus 20 can be used as a vacuum regulator, and in connection with the 
operation of the purge valve 16 and an algorithm, can perform large leak detection on the fuel 
system 10. Such large leak detection could be used to evaluate situations such as when a 
refueling cap 12a is not replaced on the fuel tank 12. 
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,00291 It is understood that vototile liquid fuels, e.g., gasoline, can evaporate under 
certain conditions, e.g., rising ambient temperature, thereby generating M vapor In fte 
course of coding ft., is experienced by the M system .0, eg, after the engme ts homed * 
. vacuum is nature,., create, by cling the M vapor and air, such as in the headspace o fte 
« tank .2 and in fte foe. vapor collection canister .8. According to fte present descnp,u>n, 
fte existence of a vacuum a. fte firs, predetermined pressure .eve. indicates tha, the tnteg^ty 
of fte fuel system .0 is satisfactory. Thus, signafing 22 is used to indicate the imegnty of he 
fuel system .0, i e , that there are no appreciate leaks. Subsequent.,, the vacuum rektf 24 
. pressure .eve. befow fte first predetermined pressure .eve. can protect fte fite. tank . 2, eg., 
can prevent struck distortion as a resu., of stress caused by vacuum in fte fee. system .0. 
,,030, After fte engine is turned off, the pressure blow-off 26 a,.ows excess pressure due 
,o fite, evaporation to be vented, and thereby expedite fte occurrence of vacuum generation 
fta. subsepuendy occurs during cooling. The pressure b.ow-off 26 afiows air wtthtn fte fuel 
system .0 to be released while fite. vapor is retained Simifariy, in the course of retuelmg the 
fuel tank 12, fte pressure blow-off 26 allows air to exit fte fuel tank 12 a, a high rate of Dow. 
■0031] At .east two advantages are achieved in accordance with a system incfudmg the 
fuel vapor pressure ma^gemen, apparatus 20 Firs,, a leak detection diagnostic can be 
performed on fuet tanks of all sizes. This advantage is significant in that previous systems for 
detecting leaks were no. effective with known large volume fuel tanks, e g , 100 gafions or 
more Second, the fue. vapor pressure management apparatus 20 is compatible with a number 
of different types of purge valves, including digital and proportional purge valves 
.00321 Figure 2A shows an embodiment of the fue. vapor pressure management apparatus 
20 that is particulariy suited to being mount*, on fte fuel vapor co.lec.ion canister 18. The 
fue. vapor pressure management apparatus 20 InCudes a housing 30 , ha, can be mounted to 
fte body of fte fuel vapor collection canister 18 by a "bayonet" style artachment A seal 
(no, shown) can be intend between fte fuel vapor collection canister ,8 and fte M vapor 
pressure management apparatus 20 so as ,o provide a fluid tight connection. The attachment 
32 in combination with a snap finger 33, aUows fte fuel vapor pressure management 
apparatus 20 ,o be readily serviced in fte field. Of course, different styles of attachments 
between fte fue. vapor pressure managemen, apparatus 20 and the body of fte fuel vapor 
collection camster 18 can be substituted for fte illustrated bayonet attachment 32. Examples 
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of different attachments include a threaded attachment, and an interlocking telescopic 
attachment. Alternatively, the fuel vapor collection canister 18 and the housing 30 can be 
bonded together (e.g., using an adhesive), or the body of the fuel vapor collection canister 18 
and the housing 30 can be interconnected via an intermediate member such as a rigid pipe or a 
flexible hose. 

[0033] The housing 30 defines an interior chamber 3 1 and can be an assembly of a first 
housing part 30a and a second housing part 30b. The first housing part 30a includes a first 
port 36 that provides fluid communication between the fuel vapor collection canister 18 and 
the interior chamber 31. The second housing part 30b includes a second port 38 that provides 
fluid communication, e.g., venting, between the interior chamber 31 and the ambient 
atmosphere. A filter (not shown) can be interposed between the second port 38 and the 
ambient atmosphere for reducing contaminants that could be drawn into the fuel vapor 
pressure management apparatus 20 during the vacuum relief 24 or during operation of the 
purge valve 16. 

[0034] In general, it is desirable to minimize the number of housing parts to reduce the 
number of potential leak points, i.e., between housing pieces, which must be sealed. 
[0035] An advantage of the fuel vapor pressure management apparatus 20 is its compact 
size. The volume occupied by the fuel vapor pressure management apparatus 20, including 
the interior chamber 3 1, is less than all other known leak detection devices, the smallest of 
which occupies more than 240 cubic centimeters. That is to say, the fuel vapor pressure 
management apparatus 20, from the first port 36 to the second port 38 and including the 
interior chamber 3 1 , occupies less than 240 cubic centimeters. In particular, the fuel vapor 
pressure management apparatus 20 occupies a volume of less than 100 cubic centimeters. 
This size reduction over known leak detection devices is significant given the limited 
availability of space in contemporary automobiles. 

[0036] A pressure operable device 40 can separate the interior chamber 3 1 into a first 
portion 31a and a second portion 31b. The first portion 31a is in fluid communication with 
the fuel vapor collection canister 18 through the first port 36, and the second portion 31b is in 
fluid communication with the ambient atmosphere through the second port 38. 
[0037] The pressure operable device 40 includes a poppet 42, a seal 50, and a resilient 
element 60. During the signaling 22, the poppet 42 and the seal 50 cooperatively engage one 
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another «o preven, fluid communication «* "* - — ^ 

2„m If 24, the poppe, 42 and the sea, 50 cooped engage one anotiter , , pen. 

Priced fluid flow from ft. second pon 38 » *e firs, port 36. Dunng ,he pressure bio^off 

floid flow torn the first port 36 to the second port 38 

,0038, The pressure operable device 40, with its different arrangements of the poppe, 
Ld til sea, 50, may be considered to constitute a bi-directional check valve. That, to say 
IL a firs, set of condifions, ,he pressure operabie device 40 pennits fluid flow along a p a* 

during <be pressure b,ow-off26 may be three to ten times as great as the vo.ume of flu,d flow 
durine the vacuum relief 24. 

.0039, The pressure operable device 40 operates wnhou, an elecnomechamca, actuator, 

exclusive,, by the pressure differentia, between ,he firs, and second poris 36,38. Prefe ably 
a,, operations of me pressure operable device 40 are controUed by fluid pressure stgnals tha, 
ac, on one side, i.e., the firs, port 36 side, of me pressure operable dev.ce 40. 
,0040, The pressure operable device 40 also operates whhou, a diaphragm. Such a 
LJagm is used in the known feak deletion device to sub-partition an in,eno. chamber and 
rUTtheflowcomroWalve. Thu,,he pressure o^able device 40 exdusive,, separates, 
and then only intermittemly, ,he interior chamber 3 , . Tha, is to say, there are a, mos, rwo 
portions of, he interior cluunber 31 that are defined by the housing 30 
Ll, The poppe, 42 is preferably a ,ow density, substantially rigid disk through whtch 
fluid flow is prevented. The poppe, 42 can be flat or formed with contours, e g ,o enhance 
rigidity or to facilitate inaction with other component of the pnassure operable dev.ce 40^ 
,L, The poppe, 42 can have a generally circ^ar form tha, includes a,,enra,,ng tabs 44 
1 reC o SKS 46 around the perimeter of ,he poppe, 42. The «bs 44 can center ,he poppe 
within the second housing par, 30b, and guide movement of the poppe, 42 along an 
The recesses 46 can provide a fluid flow pa* around ,he poppe, 42, e g., dunng the vacuum 
re „ef 24 or dunng the pressure blow-off 26 A pluraU«y of abating tabs 44 and recesses 46 

ft 
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are illustrated, however, there could be any number of tabs 44 or recesses 46, including none, 
e g., a disk having a circular perimeter. Of course, other forms and shapes may be used for the 
poppet 42. 

[0043] The poppet 42 can be made of any metal (e.g., aluminum), polymer (e.g., nylon), 
or another material that is impervious to fuel vapor, is low density, is substantially rigid, and 
has a smooth surface finish. The poppet 42 can be manufactured by stamping, casting, or 
molding. Of course, other materials and manufacturing techniques may be used for the poppet 
42. 

[0044] The seal 50 can have an annular form including a bead 52 and a lip 54. The bead 
52 can be secured between and seal the first housing part 30a with respect to the second 
housing part 30b. The lip 54 can project radially inward from the bead 52 and, in its 
undeformed configuration, i.e., as-molded or otherwise produced, project obliquely with 
respect to the axis A. Thus, preferably, the lip 54 has the form of a hollow frustum. The seal 
50 can be made of any material that is sufficiently elastic to permit many cycles of flexing the 
seal 50 between undeformed and deformed configurations. 

[0045] Preferably, the seal 50 is molded from rubber or a polymer, e.g., nitriles or 
fluorosilicones. More preferably, the seal has a stiffness of approximately 50 durometer 
(Shore A), and is self-lubricating or has an anti-friction coating, e.g., polytetrafluoroethylene. 
[0046] Figure 2B shows an exemplary embodiment of the seal 50, including the relative 
proportions of the different features. Preferably, this exemplary embodiment of the seal 50 is 
made of Santoprene 123-40. 

[0047] The resilient element 60 biases the poppet 42 toward the seal 50. The resilient 
element 60 can be a coil spring that is positioned between the poppet 42 and the second 
housing part 30b. Preferably, such a coil spring is centered about the axis A. 
[0048] Different embodiments of the resilient element 60 can include more than one coil 
spring, a leaf spring, or an elastic block. The different embodiments can also include various 
materials, e.g., metals or polymers. And the resilient element 60 can be located differently, 
e.g., positioned between the first housing part 30a and the poppet 42. 

[0049] It is also possible to use the weight of the poppet 42, in combination with the force 
of gravity, to urge the poppet 42 toward the seal 50. As such, the biasing force supplied by 
the resilient element 60 could be reduced or eliminated. 
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. - - „ f _ rre that can be calibrated to set the 
100501 The resilient element 60 provides a biasing force that can 

1005O] met construction of the resilient element 60, in 

value of the second predetermined pressure level. 

value oimc» k l . „ p re f er ablY movement of the poppet 42 

rnft^i l A switch 70 can perform the signaling 22. Preteramy, 

[00511 A switc a ^ fixed wth 

th ~ axis a actuates the switch 70. 1 ne swncn v v 
along the axis A fixed ^ respect to the 

« w^k, 79 and a movable contact 74. me oooy 
L 2 . Differs enrbodunen«s of the switch 70 can include magnetic proximity switches 

. 

42 has mover. ,0 a prescribed position or tha, the poppe, 42 ,s exerrrng a presenter. 

actua.ing.he switch 70. thereisshow „ an a.«erna«eembodimen,of.hen.e 1 

100531 Referring now to F.gure2C, there tssnowna 

„«,cW As comnared to Figure 2A, the fuel vapor 
vapor pressure management apparatus 20. As compare . _ WHmd _ 

pres Je management apparatus W provides an ahemarive second houstng par. 30b »d . 

to .he two embodiments of thefue. vapor pressure managemen. apparatus 20 and 20 

; « The second housing pan 30V inCudes a wa>, 300 proving into the chamb, 3, 

nds the axis A The wall 300 arm .he a. leas, one corrugation 420 are stzed and 

I00SS] The wa.1 300 and .he a. leas, one corrugation 420 cooperattvely define a 
ub-c amber 3.0 within the chamber 3 V Movement of.be poppe. « a,ong the axts A 
tsesfiuid displacement be W een.hechambe r 3,.and.hesub-cha ra ber3,0. Tfitsflu. 

displacement has .he effec, of dantping resonance of the poppe, 4* A ntetenng aperiure (no, 
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show) could be provided to define a dedicated flow channel for the displacement of fluid 
between the chamber 31' and the sub-chamber 310'. 

l0 056] As it is shown in Figure 2C, the poppet 42' can include additional corrugat.ons 
that can enhance the rigidity of the poppet 42', particularly in the areas at the interfaces wUh 
the seal 50 and the resilient element 60. 

l0 0571 The signaling 22 occurs when vacuum at the first predetermined pressure level is 
present at the first port 36. During the signaling 22, the poppet 42 and the seal 50 
cooperatively engage one another to prevent fluid communication between the first and 
second ports 36,38. 

[0058] The force created as a result of vacuum at the first port 36 causes the poppet 42 to 
be displaced toward the first housing part 30a. This displacement is opposed by elastic 
deformation of the seal 50. At the first predetermined pressure level, e.g., one inch of water 
vacuum relative to the atmospheric pressure, displacement of the poppet 42 will actuate the 
switch 70, thereby opening or closing an electrical circuit that can be monitored .by an 
electronic control unit 76. As vacuum is released, the combination of the pressure at the first 
port 36 rising above the first predetermined pressure level, the elasticity of the seal 50, and any 
resilient return force built into the switch 70 all push the poppet 42 away from the swrtch 70, 
thereby resetting the switch 70. 

[0059] During the signaling 22, there is a combination offerees that act on the poppet 42, 
i e the vacuum force at the first port 36 and the biasing force of the resilient element 60. Th,s 
combination offerees moves the poppet 42 along the axis A to a position that deforms the 
seal 50 in a substantially symmetrical manner. This arrangement of the poppet 42 and seal 50 
are schematically indicated in Figure 3 A In particular, the poppet 42 has been moved to its 
extreme position against the switch 70, and the lip 54 has been substantially uniformly pressed 
against the poppet 42 such that there is, preferably, annular contact between the lip 54 and the 
poppet 42. 

[0060] In the course of the seal 50 being deformed during the signaling 22, the lip 54 
slides along the poppet 42 and performs a cleaning function by scraping-off any debris that 
may be on the poppet 42. 

[0061] The vacuum relief 24 occurs as the pressure at the first port 36 further decreases, 
i.e., the pressure decreases below the first predetermined pressure level that actuates the 
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switch 70 At some level of vacuum that is below the first predetermined level, e.g., six inches 
of water vacuum relative to atmosphere, the vacuum acting on the seal 50 will deform the hp 
54 so as to at least partially disengage from the poppet 42. 

[0062] During the vacuum relief 24, it is believed that, at least initially, the vacuum relief 
24 causes the seal 50 to deform in an asymmetrical manner. This arrangement of the poppet 
42 and seal 50 are schematically indicated in Figure 3B. A weakened section of the seal 50 
could facilitate propagation of the deformation. In particular, as the pressure decreases below 
the first predetermined pressure level, the vacuum force acting on the seal 50 will, at least 
initially, cause a gap between the lip 54 and the poppet 42. That is to say, a portion of the hp 
54 will disengage from the poppet 42 such that there will be a break in the annular contact 
between the lip 54 and the poppet 42, which was established during the signaling 22. The 
vacuum force acting on the seal 50 will be relieved as fluid, e.g., ambient air, flows from the 
atmosphere, through the second port 38, through the gap between the lip 54 and the poppet 
42, through the first port 36, and into the canister 18. 

[0063] The fluid flow that occurs during the vacuum relief 24 is restricted by the size of 
the gap between the lip 54 and the poppet 42. It is believed that the size of the gap between 
the Up 54 and the poppet 42 is related to the level of the pressure below the first 
predetermined pressure level. Thus, a small gap is all that is formed to relieve pressure slightly 
below the first predetermined pressure level, and a larger gap is formed to relieve pressure that 
is significantly below the first predetermined pressure level. This resizing of the gap is 
performed automatically by the seal 50 in accordance with the construction of the lip 54, and 
is believed to eliminate pulsations due to repeatedly disengaging and reengaging the seal 50 
with respect to the poppet 42. Such pulsations could arise due to the vacuum force being 
relieved momentarily during disengagement, but then building back up as soon as the seal 50 .s 
reengaged with the poppet 42. 

[0064] Referring now to Figure 3C, the pressure blow-off 26 occurs when there is a 
positive pressure above a second predetermined pressure level at the first port 36. For 
example, the pressure blow-off 26 can occur when the tank 12 is being refueled. During the 
pressure blow-off 26, the poppet 42 is displaced against the biasing force of the resilient 
element 60 so as to space the poppet 42 from the lip 54. That is to say, the poppet 42 will 
completely separate from the lip 54 so as to eliminate the annular contact between the lip 54 
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and the poppet 42, which was established during the signaling 22. This separation of the 
poppet 42 from the seal 50 enables the Up 54 to assume an undeformed configuration, i.e., it 
returns to its "as-originally-manufactured" configuration. The pressure at the second 
predetermined pressure level will be relieved as fluid flows from the canister 18, through the 
first port 36, through the space between the lip 54 and the poppet 42, through the second port 
38, and into the atmosphere. 

[00651 The fluid flow that occurs during the pressure blow-off 26 is substantially 
unrestricted by the space between the poppet 42 and the lip 54. That is to say, the space 
between the poppet 42 and the lip 54 presents very little restriction to the fluid flow between 
the first and second ports 36,38. 

[0066] At least four advantages are achieved in accordance with the operations performed 
by the fuel vapor pressure management apparatus 20. First, the signaling 22 provides a leak 
detection diagnostic using vacuum monitoring during natural cooling, e.g., after the engine is 
turned off. Second, the vacuum relief 24 provides negative pressure relief below the first 
predetermined pressure level, and the pressure blow-off 26 provides positive pressure relief 
above the second predetermined pressure level. Third, the vacuum relief 24 provides fail-safe 
purging of the fuel vapor collection canister 18 and the headspace. And fourth, the pressure 
blow-off 26 regulates the pressure in the fuel tank 12 during any situation in which the engine 
is turned off, thereby limiting the amount of positive pressure in the fuel tank 12 and allowing 
the cool-down vacuum effect to occur sooner. 

[0067] Referring now to Figure 4, a plot 200 illustrating the frequency that closures of the 
switch 70 occur within a given period of time after an engine is turned off. The plot 200 
shows that a minority of switch closures occur within the first 20 minutes after the engine is 
turned off, and that a majority of switch closures occur within 90 minutes after the engine is 
shut down. Thus, a leak detection test that is terminated within 20 minutes after the engine is 
turned off will not successfully detect a majority of the occurrences when a test would indicate 
that there are no appreciable leaks in the fuel system 10. That is to say, terminating a leak 
detection test within 20 minutes will result in a number of false indications that the fuel system 
10 has an appreciable leak. 

[0068] One reason for terminating a leak detection test within 20 minutes is that the 
current draw required to perform the test results in an unacceptable drain on the battery (not 
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shown) used to start an associated internal combustion engine (not shown). Such an 
u„accep«ab,e drain occurs after fte engine is turned off, and could therefore adverse,, affect 
the ability to restart the engine The .eak detection rest that is performed by ft. M vapor 
pressure management apparatus 20, in cooperation with fte electronic contro, unh 76, draws 
teas than 100 milliamperes of current from the battery, which does not result m an 
acceptable drain on fte banery and allows fte fuel vapor pressure management appararus 20 
to perform leak detection tests over periods exceeding 20 minutes The .ow current draw of 
fte fire, vapor pressure management apparatus 20 can be attributable ,o eliminating pumps 
required to pressurize (positively or negatively) fte fuel system 10, and ,o eliminanng 
elearomechanical actuators for mechanically displacing fluid flow control elements 
,00691 While fte present invention has been disclosed with reference to certam preferred 
embodiments, numerous modifications, actions, and changes ,o fte described embodiments 
are possible without departing from the sphere and scope of fte present invention, as defined 
in the appended claims Accordingly, it is intended tha, fte present invention no, be hmrted to 
fte described embodiments, but tha. it have the full scope defined by the language of fte 
following claims, and equivalents thereof. 
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What is claimed is: 

1 A fuel system for supplying fuel to an internal combustion engine, the fuel system 

comprising: 

a fuel tank having a headspace; 

an intake manifold of the internal combustion engine in fluid communication with the 
headspace; 

a fuel vapor collection canister in fluid communication with the headspace; 
a purge valve having a first side in fluid communication with the intake manifold and 
having a second side in fluid communication with fuel vapor collection canister and with the 

headspace; and 

a fuel vapor pressure management apparatus including: 

a housing coupled to the fuel vapor collection canister and defining an 

interior chamber; 

a pressure operable device separating the interior chamber into a first 
portion in fluid communication with the fuel vapor collection canister and a 
second portion in fluid communication with a vent port, the pressure operable 
device including a poppet movable along an axis and a seal adapted to 
cooperatively engage the poppet, a first arrangement of the pressure operable 
device occurs when there is a first negative pressure level in the fuel vapor 
collection canister relative to the vent port and the seal is in a first deformed 
configuration, a second arrangement of the pressure operable device permits a 
first fluid flow from the vent port to the fuel vapor collection canister when the 
seal is in a second deformed configuration, and a third arrangement of the 
pressure operable device permits a second fluid flow from the fuel vapor 
collection canister to the vent port when the seal is in an undeformed 
configuration; and 

a switch signaling the first arrangement of the pressure operable device. 
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2 The fuel system according to claim 1, wherein the poppet is movable along the axis 
between a first position, a second position, and an intermediate position between the first and 
second positions. 

3. The fuel system according to claim 2, wherein the first and second arrangements of the 
pressure operable device comprise the poppet in the second position, and the third 
arrangement of the pressure operable device comprises the poppet in the first position. 

4. The fuel system according to claim 2, further comprising: 

a fourth arrangement of the pressure operable device prevents fluid communication 
between the fuel vapor collection canister to the vent port, and fourth arrangement comprises 
the poppet in the intermediate position and the seal in the first deformed configuration. 

5. The fuel system according to claim 4, wherein the switch does not signal the fourth 
arrangement of the pressure operable device. 

6. The fuel system according to claim 2, wherein the pressure operable device comprises: 
a spring biasing the poppet toward the second position. 

7. The fuel system according to claim 6, wherein a positive pressure above the first 
pressure level displaces the poppet against the biasing of the spring to the first position. 

8. The fuel system according to claim 1, wherein the first arrangement of the pressure 
operable device prevents fluid communication between the fuel vapor collection canister and 
the vent port. 

9. The fuel system according to claim 1, wherein the poppet is substantially rigid and the 
seal is relatively flexible with respect to the poppet. 

10. The fuel vapor pressure management apparatus according to claim 1 , wherein the first 
deformed configuration comprises a substantially symmetrical deformation of the seal, and the 
second deformed configuration comprises a generally asymmetrical deformation of the seal. 

11. The fuel system according to claim 1, wherein the housing defines an aperture through 
which the fuel vapor collection canister and the vent port communicate in the second and third 
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arrangements, and the seal engages the poppet to occlude the aperture in the first 
arrangement. 

12. The fuel system according to claim 1, further comprising. 

an engine control unit operatively connected to the purge valve; and 
a plurality of electrical connections adapted to electrically interconnect the switch with 
the engine control unit. 

13. The fuel system according to claim 1 2, further comprising: 

a control circuit disposed in the housing and electrically interconnecting the switch and 
the plurality of electrical connections. 

14. The fuel system according to claim 1, further comprising: 

a contiguous connection between the fuel vapor collection canister and the housing. 

15. The fuel system according to claim 14, wherein the contiguous connection is selected 
from a group consisting of abayonet connection, a threaded connection, and an interlocking 
sliding connection. 

1 6. The fuel system according to claim 1 , further comprising: 

a remote connection extending between the fuel vapor collection canister and the 
housing spaced from the fuel vapor collection canister. 

17. The fuel system according to claim 16, wherein the remote connection is selected from 
a group consisting of a rigid pipe and a flexible pipe. 

18. A fuel system for supplying fuel to an internal combustion engine, the fuel system 

comprising: 

a fuel tank having a headspace; 

an intake manifold of the internal combustion engine in fluid communication with the 
headspace; 

a fuel vapor collection canister in fluid communication with the headspace; 
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a purge valve having a first side in fluid communication with the intake manifold and 
having a second side in fluid communication with fuel vapor collection canister and with the 

headspace; and 

a fuel vapor pressure management apparatus including: 

a housing defining an interior chamber, the housing and the interior 
chamber occupying a volume less than 240 cubic centimeters; and 

a pressure operable device occupying a first space in the interior 
chamber, the pressure operable device performing a leak diagnostic based on a 
negative pressure at a first pressure level, the pressure operable device relieving 
negative pressure below the first pressure level, and the pressure operable 
device blowing-off positive pressure above a second pressure level; and 

a switch occupying a second space in the interior chamber, the switch 
signaling the negative pressure at the first pressure level. 

19. The fuel system according to claim 18, wherein the housing and the interior chamber 
occupy a volume less than 100 cubic centimeters. 

20. The fuel system according to claim 18, wherein the fuel vapor pressure management 
apparatus excludes an electromechanical actuator. 

21. The fuel system according to claim 18, wherein the fuel vapor pressure management 
apparatus excludes a diaphragm partitioning the interior chamber. 

22. A method of using naturally forming vacuum to evaluate a fuel system supplying fuel 
to an internal combustion engine, the method comprising: 

providing a fuel tank including a headspace; 

coupling in fluid communication the headspace with an intake manifold of the internal 
combustion engine, a fuel vapor collection canister, a purge valve, and a fuel vapor pressure 
management apparatus, the fuel vapor management apparatus: 

including a housing defining an interior chamber; 
excluding a diaphragm partitioning the interior chamber, and 
excluding an electromechanical actuator; and 
detecting the vacuum that naturally forms in the headspace. 
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23. The method according to claim 22, wherein the coupling comprises connecting the fuel 
tank to the intake manifold via the purge valve. 

24. The method according to claim 22, wherein the coupling comprises connecting the fuel 
vapor collection canister to the intake manifold via the purge valve. 

25 The method according to claim 22, wherein the coupling comprises connecting the fuel 
vapor pressure management apparatus to the intake manifold via the fuel vapor collection 
canister and the purge valve. 

26. The method according to claim 25, wherein the coupling comprises connecting the fuel 
vapor pressure management apparatus between the fuel vapor collection canister and 
atmosphere. 

27. The method according to claim 22, wherein the detecting comprises sensing a negative 
pressure level relative to atmosphere in the fuel vapor collection canister. 

28. The method according to claim 27, wherein the negative pressure level is 
approximately negative one inch water relative to atmosphere. 

29. The method according to claim 22, wherein the fuel vapor management apparatus 
comprises a housing and a pressure operable device, the housing defines an interior chamber 
and includes first and second ports communicating with the interior chamber, and the pressure 
operable device separates the interior chamber into a first portion in fluid communication with 
the first port and a second portion in fluid communication with a second port, the pressure 
operable device includes a poppet movable along an axis and a seal adapted to cooperatively 
engage the poppet, and the detecting occurs when there is a first negative pressure level at the 
first port relative to the second port and the seal is in a symmetrically deformed configuration. 

30. A method of managing pressure in a fuel system supplying fuel to an internal 
combustion engine, the method comprising: 

providing a fuel tank including a headspace; 
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connecting to the headspace an intake manifold of the internal combustion engine, a 
fuel vapor collection canister, a purge valve, and a fuel vapor pressure management apparatus, 
the fuel vapor management apparatus. 

including a housing defining an interior chamber; 
excluding a diaphragm partitioning the interior chamber; and 
excluding an electromechanical actuator; and 
relieving excess pressure that forms in the headspace. 

31. The method according to claim 30, wherein the relieving excess pressure comprises 
relieving negative pressure below a negative pressure level relative to atmosphere. 

32. The method according to claim 3 1 , wherein the fuel vapor management apparatus 
senses the negative pressure level. 

33. The method according to claim 32, wherein the negative pressure level occurs in the 
fuel vapor collection canister. 

34. The method according to claim 30, wherein the relieving excess pressure comprises 
relieving positive pressure above a positive pressure level relative to atmosphere. 

35. The method according to claim 34, wherein the fuel vapor management apparatus 
senses the positive pressure level. 

36. The method according to claim 3 5, wherein the positive pressure level occurs in the 
fuel vapor collection canister. 

37. The method according to claim 30, wherein the relieving excess pressure comprises 
relieving negative pressure below a negative pressure level relative to atmosphere and 
relieving positive pressure above a positive pressure level relative to atmosphere. 

38. The method according to claim 37, wherein the fuel vapor management apparatus 
comprises a housing and a pressure operable device, the housing defines an interior chamber 
and includes first and second ports communicating with the interior chamber, and the pressure 
operable device separates the interior chamber into a first portion in fluid communication with 
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the first port and a second portion in fluid communication with a second port, the pressure 
operable device includes a poppet movable along an axis and a seal adapted to cooperatively 
engage the poppet, and the relieving negative pressure occurs when the pressure operable 
device permits a first fluid flow from the second port to the first port and when the seal is in an 
asymmetrically deformed configuration, and the relieving positive pressure occurs when the 
pressure operable device permits a second fluid flow from the first port to the second port and 
when the seal is in an undeformed configuration. 

39. A method of managing pressure and using naturally forming vacuum to evaluate a fuel 
system supplying fuel to an internal combustion engine, the method comprising: 

providing a fuel tank including a headspace; 

coupling in fluid communication the headspace with an intake manifold of the internal 
combustion engine, a fuel vapor collection canister, a purge valve, and a fuel vapor pressure 
management apparatus, the fuel vapor management apparatus: 

including a housing defining an interior chamber; 
excluding a diaphragm partitioning the interior chamber; and 
excluding an electromechanical actuator; 
detecting the vacuum that naturally forms in the headspace; and 
relieving excess pressure that forms in the headspace. 

40. The method according to claim 39, wherein the detecting comprises sensing a negative 
pressure level relative to atmosphere in the fuel vapor collection canister, the relieving excess 
pressure comprises relieving negative pressure below the negative pressure level, and the 
relieving positive pressure above a positive pressure level relative to atmosphere. 

41 The method according to claim 40, wherein the fuel vapor management apparatus 
comprises a housing and a pressure operable device, the housing defines an interior chamber 
and includes first and second ports communicating with the interior chamber, and the pressure 
operable device separates the interior chamber into a first portion in fluid communication with 
the first port and a second portion in fluid communication with a second port, the pressure 
operable device includes a poppet movable along an axis and a seal adapted to cooperatively 
engage the poppet, the detecting occurs when there is a first negative pressure level at the first 
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port relative to the second port and the seal is in a symmetrically deformed confcgurauon, tne 
relieving negative pressure occurs when the pressure operable device permits a first fluid flow 
from the second port to the first port and when the seal is in an asymmetrically deformed 
configuration, and the relieving positive pressure occurs when the pressure operable device 
permits a second fluid flow from the first port to the second port and when the seal is in an 
undeformed configuration. 

42. A method of managing pressure in a fuel system supplying fuel to an internal 
combustion engine, the method comprising. 

providing a fuel tank including a headspace; 

connecting in fluid communication the headspace to a fuel vapor collection canister; 

connecting in fluid communication the fuel vapor collection canister to a fuel vapor 
pressure management apparatus, the fuel vapor pressure management apparatus performing 
leak detection on the headspace, performing excess negative pressure relief on the headspace, 
and performing excess positive pressure relief on the headspace, the fuel vapor management 
apparatus including: 

a housing defining an interior chamber, the housing including first and 
second ports communicating with the interior chamber; 

a pressure operable device separating the interior chamber into a first 
portion in fluid communication with the first port and a second portion in fluid 
communication with the second port; and 
establishing a fluid flow path extending between the headspace in the fuel tank to 
atmosphere, the establishing including passing through the fuel vapor collection canister, 
passing through the first port, passing through the interior chamber, and passing through the 
second port; 

relieving excess negative pressure with fluid flow in a first direction along the fluid 

flow path; and .«' 

relieving excess positive pressure with fluid flow in a second direction along the fluid 

flow path, the second direction being opposite to the first direction. 

43. The method according to claim 42, wherein the pressure operable device includes a 
poppet movable along an axis and an annular seal adapted to cooperatively engage the poppet. 
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44. The method according to claim 43, wherein the establishing includes passing around 
the poppet and passing through the annular seal. 

45 A method of using naturally forming vacuum to detect leaks in a fuel system supplying 
fuel to an internal combustion engine, the method comprising: 

coupling in fluid communication to a headspace of the fuel system a fuel vapor 
pressure management apparatus; 

coupling in electrical communication to the fuel vapor pressure management system an 

electrical control unit; 

supplying electrical current to the fuel vapor pressure management system and to the 

electrical control unit; and 

performing a leak detection test on the headspace, the leak detection test drawing no 

more than 100 milliamperes of the electrical current. 

46. A method of using naturally forming vacuum to detect leaks in a fuel system supplying 
fuel to an internal combustion engine, the method comprising: 

coupling in fluid communication to a headspace of the fuel system a fuel vapor 

pressure management apparatus; 

performing with the fuel vapor pressure management apparatus a leak detection test on 
the headspace, the leak detection test occurring during a period of up to 90 minutes. 

47. The method according to claim 46, wherein the period of the leak detection test is at 
least 20 minutes. 

48. A method of using naturally forming vacuum to detect leaks in a fuel system supplying 
fuel to an internal combustion engine, the method comprising: 

coupling in fluid communication to a headspace of the fuel system a fuel vapor 
pressure management apparatus; 

performing with the fuel vapor pressure management apparatus a leak detection test on 
the headspace, the leak detection test occurring during a period of at least 20 minutes. 
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